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Abstract
The activity of proteases may be lost during microquantification because of their nonspecific binding to tubes and pipette 
tips. In this study, the effects of blocking reagents (blockers) in dilutions of digestive proteases of yellowtail, Seriola quin-
queradiata, were compared. EzBlock Chemi (EBC; protein free), Western BLoT Blocking Buffer (WBB; protein free), 
casein-based blocker, and bovine serum albumin were evaluated by the measurement of trypsin, chymotrypsin, and ami-
nopeptidase activities using fluorogenic substrates. Protease activities were linear in extracts of pyloric caeca at dilution 
rates of up to at least 1/6400 with the four blockers. However, the activities of pancreatic enzymes differed, and the highest 
levels were observed with EBC and WBB. Extracts diluted with EBC and WBB were incubated for up to 24 h at 25 °C. 
Pancreatic enzyme activities increased with time in extracts diluted with EBC, but for those diluted with WBB there was 
no clear trend. The activities of chymotrypsin and aminopeptidase in whole-body extracts of individual yellowtail larvae 
extracted with EBC were significantly higher than in those extracted with 150 mM NaCl, suggesting that EBC inhibits the 
loss of enzyme activity that may otherwise occur during extraction. Thus, EBC is considered to be the most effective diluent 
for the microquantification of proteases amongst the four blockers tested.

Keywords Digestive protease · Dilution · Enzyme preservation · Fish larvae · Protease activation · Protein-free blocker · 
Yellowtail · Seriola quinqueradiata

Introduction

Proteins are vital nutrients for the metabolism and growth of 
fish. Indeed, the activities of digestive proteases determine 
the efficiency of digestion and absorption of feed in fish. 
Many studies have characterized the digestive enzymes of 
fish both functionally and biochemically, and have analyzed 
their activities throughout various developmental stages 
from larval to juvenile fish (Ribeiroa et al. 1999; Zambonino 
Infante and Cahu 2001; Murashita et al. 2014; Zeytin et al. 
2016). However, to measure enzyme activities in samples, 
dilution is needed to establish an appropriate range of con-
centrations. This range is determined by the sensitivity and 

dynamic range of the chosen equipment and system, the 
substrates used for the enzymes under consideration, and 
the measurement conditions, including temperature, pH, and 
types of buffer. In the measurement of low concentrations of 
peptides and proteins, bovine serum albumin (BSA), defat-
ted milk, and other derivatives have been used as blocking 
reagents (blockers) in Western blotting and immunoassays. 
These blockers prevent the loss of proteins and peptides in 
the sample through their nonspecific binding to pipette tips 
and tube walls during handling, and are particularly useful 
for dilutions and preservation over time. BSA and casein 
have protein-stabilizing effects (Chang and Mahoney 1995; 
Kolena et al. 1999), but protein- or peptide-based blockers 
are not appropriate for the dilution or preservation of pro-
teases and peptidases as these enzymes digest these types 
of blocker and may thus exhaust their catalytic activity as a 
consequence.

Protein-free blockers are presumed to be effective in pre-
venting the loss of protease catalytic activity during dilu-
tion and preservation. Recently, several kinds of protein-free 
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blockers have become commercially available for Western 
blotting and immunoassays. The exact composition of these 
blockers is not provided by the manufacturers, but they 
are assumed to be primarily based on chemically synthe-
sized polymers, which are not digested by proteases. These 
blockers block the nonspecific binding of enzymes used in 
Western blotting and immunoassays. In addition, the cata-
lytic activities of the enzymes used for detection, such as 
horseradish peroxidase and alkaline phosphatase, are not 
affected by these blockers, according to the information 
provided by the manufacturers. Therefore, it follows that 
the catalytic activity of proteases should not be exhausted 
when using these blockers, and nonspecific binding of the 
enzymes to pipette tips and tube walls should be inhibited 
by these blockers.

The catalytic activities of digestive proteases can be 
measured quantitatively at very low concentrations by 
using fluorogenic peptide substrates modified with 7-amino-
4-methylcoumarilamide (MCA). The detection limit of chy-
motrypsin assays when using fluorogenic substrates is 1/20 
that of the colorimetric assay using the p-nitroanilide com-
plex, and the rate of hydrolysis shows linearity over at least 
a 100-fold range (Zimmerman et al. 1976). The catalytic 
activity of trypsin can be sufficiently measured even in a 
single fish larva by using substrates modified with MCA 
(Navarro-Guillén et al. 2017). These data suggest the pos-
sibility of performing a multiple protease assay by using 
different fluorogenic substrates with extracts of individual 
larvae in a multi-group experiment at a small scale, which 
is impossible with colorimetric assays. Therefore, catalytic 
activity assays using fluorogenic substrates are considered 
superior to colorimetric assays in terms of measurement 
performance. However, because of the high sensitivity of 
fluorogenic assays, the samples sometimes need to be diluted 
using buffers or solutions in order to avoid overshooting 
the range. These dilutions may not only induce the loss of 
protease activity but also affect the proportionality of the 
dilution rate and protease activity due to nonspecific bind-
ing during handling. When comparing protease activities 
between larva and juvenile, the dilution rate of the extracts 
is sometimes higher than several hundreds because of the 
large differences in body size. For adult fish, homogenates 
of milligrams of tissue from the digestive tract also need be 
more diluted for the measurement of the catalytic activi-
ties of enzymes in fluorogenic assays. Limited data exist 
for estimating the effects of dilution on the measurement of 
catalytic activities of fish proteases in fluorogenic assays. 
Thus dilution methods need to be evaluated for a combina-
tion of fluorogenic substrates for microquantification of the 
enzyme activities of fish.

The aims of this study were (1) to determine appropri-
ate blockers and conditions for the dilution of samples for 
the measurement of the catalytic activity of digestive fish 

proteases in fluorogenic assays, and (2) to estimate the 
effects of the appropriate blockers in samples of fish larvae  
that contain proteases at very low concentrations.

Materials and methods

Reagents and buffers

The effects of four blocking reagents were estimated in this 
study. They included EzBlock Chemi (EBC; liquid based on 
TRIS buffer, pH 8.4; ATTO, Tokyo, Japan), Western BLoT 
Blocking Buffer (WBB; liquid, pH 8.2; Takara, Kusatsu, 
Japan), BlockAce (BA; liquid; DS Pharma Biomedical, 
Osaka, Japan), and BSA (crystal, fraction V; Wako, Osaka, 
Japan). EBC and WBB, which are protein free, are based 
on substances synthesized chemically; they are used in 
Western blotting with chemiluminescence detection. EBC 
is used after dilution with distilled water at a rate of 20% 
(v/v), according to the manufacturer’s instructions; WBB 
is used undiluted. BA is made from casein that contains 
preservative, and is used after dilution with the appropri-
ate buffer at a rate of 25% (v/v). BA is used for Western 
blotting and immunoassays (Andoh 2007), and has a lower 
background than BSA in fish insulin immunoassays (data not 
shown). In this study, BA and BSA were diluted or dissolved 
with borate–KCl–NaOH buffer (BKS; modified Clark-Labs 
buffer, 50 mM borate, 50 mM KCl, 1 mM  CaCl2, 1 mM 
 MgCl2, 0.01%  NaN3, adjusted to pH 8.2 with 2 M NaOH); 
BSA was dissolved in BKS at a rate of 1%.

Three synthetic substrates modified with MCA were used 
for measuring catalytic enzyme activities in this study. Boc-
Gln-Ala-Arg-MCA (Kawabataet al. 1988), Suc-Ala-Ala-
Pro-Phe-MCA (Sawada et al. 1983), and Ala-MCA were 
purchased from the Peptide Institute (Osaka, Japan) and 
were used for measuring the catalytic activities of trypsin 
(EC 3.4.21.4), chymotrypsin (EC 3.4.21.1), and alanyl ami-
nopeptidase (aminopeptidase; EC 3.4.11.2), respectively. 
These substrates produce a strongly fluorescent substance, 
7-amino-4-methylcoumarin (AMC), after digestion. Protein 
concentration was measured using the Pierce 660-nm Pro-
tein Assay Reagent (Thermo Fisher Scientific). A multimode 
microplate reader (Spark 10 M; Tecan Trading, Switzer-
land) was used for measuring the absorbance after mixing 
the supernatant and reagent and incubating the mixture for 
15 min at 30 °C. BSA was used as the standard, and was 
serially diluted with EBC from 2000 to 31.3 μg/ml.

Extraction of digestive enzymes

Pyloric caeca were removed from 2-year-old yellowtail, 
Seriola quinqueradiata (body weight 3 kg; grown at Goto 
Laboratory, Seikai National Fisheries Research Institute, 



545Fisheries Science (2020) 86:543–550 

1 3

Japan Fisheries Research and Education Agency), 2 h after 
they had been fed until satiety. Pyloric caeca were frozen 
by solid  CO2 and stored at − 80 °C. The samples were lyo-
philized, and the fat tissue was removed manually with for-
ceps before homogenization. An ice-cold tenfold volume of 
150 mM NaCl (v/w) was added to the lyophilized pyloric 
caeca, which was then homogenized manually using the 
Biomasher-II polypropylene microhomogenizer (Nippi, 
Tokyo) or a Polytron homogenizer (PT-1200E; Kinematica, 
Lucerne, Switzerland) in a 5.0-ml tube (BIO-BIK ST-500; 
INA OPTICA, Osaka, Japan) placed in an ice-cold aluminum 
microtube block (TAITEC, BAL-8188 or AB-12–05; INA 
OPTICA) after incubation for 5 min for solution absorption. 
The extract was obtained by removing the precipitate and 
lipids from the homogenate by centrifugation at 15,000 g 
for 5 min at 0 °C.

Measuring catalytic activity of the enzymes

One hundred microliters of BKS buffer, 10 μl of 1 mM 
enzyme substrate in BKS buffer containing 10% dime-
thyl sulfoxide, and 10 μl of sample were dispensed into a 
96-well microtiter plate (no. 267342 or 436110; Thermo 
Fisher Scientific, Waltham, MA). The catalytic activities 
of the enzymes were calculated by measuring the increase 
in fluorescence intensity per minute of the AMC produced 
during catalysis at fluorescence wavelengths of 380 nm for 
excitation and 485 nm for emission at 30 °C. A multimode 
microplate reader (Spark 10 M) was used to measure the 
increase in fluorescence intensity [relative fluorescence units 
(RFU)/min]. The contents of each well of the microtiter plate 
were measured at five different points, arranged crossways, 
at 400-μm intervals; the value for each well is the average 
of these five measurements.

Experimental conditions

Experiments 1, 2, and 3 were performed to fulfill the first 
aim of the experiment (to determine the appropriate blockers 
and conditions for the dilution of  samples for the measure-
ment of the catalytic activity of digestive fish proteases by 
fluorogenic assay), whereas experiment 4 was performed to 
fulfill the second one (to estimate the effects of the appropri-
ate blockers in samples of fish larvae  that contain proteases 
at very low concentrations).

Experiment 1

The linearity of the catalytic activities of the diluted enzymes 
was compared among blockers and buffers. Extracts of yel-
lowtail pyloric caeca (14.3 mg) obtained using a polypro-
pylene microhomogenizer were serially diluted with EBC, 
BA, BKS, and 150 mM NaCl at dilutions ranging from 1/200 

to 1/25,600 under cooling conditions at 0 °C. Each dilution 
was mixed for 20 s; inversion mixing was performed using 
a vortex mixer (MS-3; IKA Werke, Staufen, Germany). The 
tubes and pipette tips used were as follows: 1.5-ml Eppen-
dorf 3810X tubes (Eppendorf, Germany), 200-μl QSP 110-
NEW pipette tips(Quality Scientific Plastics, CA) , and 
10-μl Gilson D10 pipette tips (Gilson, WI) for . The cata-
lytic activities of trypsin, chymotrypsin, and aminopeptidase 
were measured immediately after preparation of the extracts 
without preincubation, according to the protocol described 
in “Measuring catalytic activity of the enzymes.” All tubes, 
blockers, and buffers were precooled in ice.

Experiment 2

The linearity of the catalytic activities of diluted enzymes 
was compared among two protein-free blockers and two 
protein blockers. Yellowtail pyloric caeca (190 mg) were 
homogenized using a polytron homogenizer and extracts 
prepared from the homogenate. The extracts were diluted 
serially with EBC, WBB, BA, and BSA to give dilutions 
ranging from 1/200 to 1/6400, according to experiment 1. 
The catalytic activities of trypsin, chymotrypsin, and amin-
opeptidase were also measured according to experiment 1. 
The dilution methods and cooling conditions were the same 
as those in experiment 1.

Experiment 3

The effects on the catalytic activities of enzymes were com-
pared between EBC and WBB. Extracts of yellowtail pyloric 
caeca (29.3 mg) obtained using a polypropylene microho-
mogenizer were diluted with EBC and WBB at a dilution 
of 1/200 under cooling conditions at 0 °C and incubated at 
25 °C for 0, 4, 8, and 24 h in an aluminum block incubator 
(WSC-2620; ATTO). The catalytic activities of proteases 
were measured in triplicate. The activities are expressed as 
RFU/min and as a percentage of the average activity at 0 h.

Experiment 4

Catalytic activity was compared between EBC and 150 mM 
NaCl for extracts of yellowtail larvae. Yellowtail larvae were 
produced in the Goto Laboratory (Goto Islands, Nagasaki, 
Japan) of the Fisheries Research and Education Agency, 
and kept at 22 °C. Larvae were fed L-type rotifer-enhanced 
eicosapentaenoic acid and docosahexaenoic acid from 4 days 
post-hatching. Larvae at 7 days post-hatching (average total 
length: 5.3 mm) were frozen in 1.5-ml plastic tubes in an alu-
minum cooling block cooled at − 80 °C and stored at − 80 °C 
until use. Whole-body samples of nine larvae were thawed in 
an ice-cold aluminum block and homogenized individually 
in the block with 200 μl of EBC or 150 mM NaCl using a 



546 Fisheries Science (2020) 86:543–550

1 3

Biomasher-II; the precipitate was removed by centrifuga-
tion at 15,000 g at 0 °C for 5 min. Ten microliters of each 
supernatant was used for the extraction of yellowtail larvae 
samples without dilution. The catalytic activities of trypsin, 
chymotrypsin, and aminopeptidase were measured without 
preincubation according to experiment 1. Protein concentra-
tions were measured in 20 μl of the supernatant with 100 μl 
of the Pierce 660-nm Protein Assay Reagent (Thermo Fisher 
Scientific).

Calculation

Data are presented as the average ± SEM  of replicates. Stu-
dent’s t-test was performed to compare protease activities of 
yellowtail larvae in experiment 4. The differences between 
groups were considered to be statistically significant at 
p < 0.05. Linearity between dilution rate and catalytic activ-
ity of each enzyme was evaluated by calculating correlation 
coefficients (r2) of the nonlinear regression curve fit on a 
log–log axis with weighting by 1/Y2, where Y is catalytic 
activity of the enzyme. All statistical calculations were per-
formed using GraphPad Prism version 7.

Results

Figure 1 shows the relationships between the dilution rates 
with two blockers, buffer, and 150 mM NaCl of pyloric 
caeca extracts and their protease activities in experiment 1. 
Extracts with EBC and BA showed clear linearity in terms 
of trypsin (r2 > 0.998), chymotrypsin (r2 > 0.927), and amin-
opeptidase (r2 > 0.997) activities, with the exception of chy-
motrypsin activity at a dilution of 1/25,600 (regression line 
not shown). Only  aminopeptidase activity  showed linearity 
with BKS and 150 mM NaCl (r2 > 0.941); these activities 
were lower than those with EBC or BA. The activity of chy-
motrypsin in BA was also lower than that measured with 
EBC.

 In experiment 2, protein-free blockers and protein block-
ers were compared for pyloric caeca samples of yellowtail. 
There was clear linearity (r2 > 0.993) for all the  blockers in 
terms of activities of the three proteases (Fig. 2); the slopes 
were close to − 1.000 and ranged from − 0.909 to − 1.336. 
Slopes for samples diluted in EBC ranged from − 0.948 
to − 0.992, whereas for those diluted in WBB the range was 
from − 0.909 to − 1.078. However, the activities of the pro-
teases differed among the blockers. Protease activities with 
EBC and WBB were identical for 1/200 to 1/6400 dilutions, 
but the activities of trypsin and chymotrypsin in BA and 
BSA were lower. For aminopeptidase, linearity and paral-
lelism were identical among all the blockers.

In experiment 3, the changes in protease activities 
during preservation were compared using pyloric caeca 

extracts diluted with EBC or WBB (Fig. 3). The activities 
of trypsin and chymotrypsin in EBC increased with time. 
The activity of trypsin in EBC increased from 81.7 ± 2.1 
RFU/min at 0  h to 132.3 ± 2.5 RFU/min at 24  h. The 
activity of chymotrypsin increased from 50.6 ± 0.3 at 0 h 
to 136.9 ± 1.3 RFU/min at 24 h. These increases corre-
sponded to changes of 162% and 271%, respectively, after 
24 h. However, the activity of trypsin in WBB did not 
show a clear trend; its activity at 0 h was 60.1 ± 1.5 RFU/
min. With EBC, trypsin activity was 90.8 ± 1.4 RFU/min 
at 4 h, which was significantly lower than its highest activ-
ity at 24 h with this blocker. The activity of chymotrypsin 
in WBB at 0 h was 38.4 ± 0.5 RFU/min; it increased to 
81.3 ± 0.5 RFU/min at 8 h and then decreased. In EBC 
the activity of aminopeptidase at 0 h was 78.5 ± 0.5 RFU/
min; its activity increased to 89.2 ± 0.8 RFU/min at 8 h, 
which corresponded to a 113% increase; its activity then 
decreased. The activity of aminopeptidase in WBB ranged 
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from 71.3 ± 0.4 RFU/min at 0 h to 79.3 ± 0.1 RFU/min at 
4 h, and decreased thereafter.

The effect of EBC on the homogenates of yellowtail lar-
vae was estimated in experiment 4 (Fig. 4). The activities of 
chymotrypsin and aminopeptidase were significantly higher 
in the extracts of larvae with EBC than in those extracted 
with 150 mM NaCl (p-values < 0.001). There was no sig-
nificant difference between the activities of trypsin extracted 
with  EBC and 150 mM NaCl (p 0.137).

Discussion

This study estimated the effect of protein-free blockers in 
dilutions of digestive proteases, including trypsin, chymot-
rypsin, and aminopeptidase, from yellowtail, one of the most 
important fish of the Japanese fishing industry. Trypsin and 
chymotrypsin are produced in pancreatic tissue surrounding 

the pyloric caeca (Hirji and Courtney 1982; Kurokawa and 
Suzuki 1995; Srivastava et al. 2002; Rungruangsak-Tor-
rissen 2006), and aminopeptidase is produced in intestinal 
tissue (Kurokawa and Suzuki 1998; Zambonino Infante 
and Cahu 2001). Trypsin and chymotrypsin are consid-
ered major functional proteases in the fish digestive tract 
(Gamboa-Delgado et al. 2011; Conceição et al. 2011; Røn-
nestad et al. 2013). Aminopeptidase plays a role in the final 
digestion of peptides after the cleavage of substrate proteins 
by endopeptidases such as trypsin and chymotrypsin (Røn-
nestad et al. 2013). Aminopeptidase is also one of the major 
proteins of the intestinal microvillar membrane (Olsen et al. 
1997). To our knowledge, this is the first report suggesting 
the importance of protein-free blockers for the microscale 
quantification of digestive proteases in fish.

The effects of the blockers were clear in terms of their 
inhibition of the loss of protease activity in diluted extracts 
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of yellowtail pyloric caeca.  Samples containing EBC and 
BA showed typical linearity between dilution rate and pro-
tease activity, with slopes of almost − 1.000 on log–log 
axis graphs, and parallelism for the three tested proteases. 
Extracts with BKS and 150 mM NaCl did not show linear-
ity, and the protease activities in these were lost at higher 
dilution rates. These findings indicate that the addition of 
blockers is required for protease extract dilution in order to 
measure catalytic activities quantitatively at a microscale. 
Thus, the dilution of extracts with buffers without blockers 
should be avoided, especially at higher dilutions. In other 
words, dilution with a buffer that does not contain a blocker 
leads to underestimation of the catalytic activity of enzymes. 
This poses a problem in comparisons of protease activity 
among samples of experimental groups that are very  differ-
ent in terms of their physiology or individual body size, e.g., 
between larvae with digestive proteases that are activated by 
feeding and unfed larvae, and in the estimation of differences 
in the activity of individual proteases between larvae and 
juveniles or mature fish.

EBC enlarged the dynamic range of measurement for 
protease activities in adult yellowtail, particularly at lower 
dilutions. The lowest dilution for trypsin and aminopeptidase 
measurement was > 1/25,600. This high dilution corresponds 
to extracts of 40 ng of lyophilized pyloric caeca from yel-
lowtail. The wide dynamic range and high sensitivity were 
actualized by the combination of fluorogenic substrates and 
EBC. Thus, EBC appears to be an appropriate blocker for 
the quantitative microscale measurement of digestive pro-
teases. This enlargement of the dynamic range may be appli-
cable to the measurement of protease activity in the feces 
of larvae when monitoring the state of enzyme secretion 
as a non-invasive technique, especially in the pancreas, as 
is also applied to human samples (Molinari et al. 2004). In 
fact, trypsin activity in the feces of a single eel larva can be 
sufficiently measured by using fluorogenic substrates (data 
not shown).

In experiment 2, dilutions with each of the four block-
ers showed linearity and parallelism with enzyme activities, 
although the activities of trypsin and chymotrypsin were 
highest with EBC and WBB. Linearity of activities of the 
three proteases in EBC and WBB was observed at dilution 
rates of at least 1/200 to 1/6400 (Fig. 2). These results sug-
gest that, like EBC, WBB is also an appropriate blocker in 
the context of this study.

The activities of trypsin in BA and chymotrypsin in BA 
and BSA were lower than in EBC and WBB, although par-
allelism was observed at a dilution from 1/200 to 1/6400 in 
experiment 2 (Fig. 2). This suggests that trypsin and chymot-
rypsin lose activity with protein-based blockers. The activity 
of aminopeptidase with all four blockers was identical, sug-
gesting that this enzyme is more stable, even with proteins 
and peptides, than trypsin and chymotrypsin.

The difference in loss of activity of  aminopeptidase 
among the blockers and aqueous solutions was smaller than 
that observed for trypsin and chymotrypsin in experiment 1, 
suggesting that aminopeptidase does not bind more strongly 
to tubes and pipette tips during the dilution process than 
trypsin and chymotrypsin. One explanation for this might 
be that aminopeptidase is more hydrophilic than trypsin or 
chymotrypsin.

The most interesting findings in this study included not 
only the stabilizing effect of the protein-free blockers on 
the three proteases during the dilution process, but also the 
activation effect of EBC on trypsin and chymotrypsin dur-
ing preservation. These findings suggest that the activation 
rates of the precursors of trypsin and chymotrypsin exceeded 
the activity loss rates of these proteases in EBC, at least 
until the 24-h point at 25 °C. Moreover, trypsin and chy-
motrypsin of yellowtail appear to be stable in EBC even at 
25 °C. Trypsin and chymotrypsin activities had increased 
by 162% and 271%, respectively, at 24 h compared with 
those at 0 h in EBC, suggesting that more than half of these 
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measured proteases were actually precursor molecules in 
the extracts of pyloric caeca. Trypsin and chymotrypsin are 
converted from precursors such as trypsinogen and chymo-
trypsinogen to the mature molecules; these precursors are 
activated by enteropeptidase (EC 3.4.21.9) and trypsin (Con-
ceição et al. 2011; Gamba-Delgado et al. 2011). In contrast, 
aminopeptidase is not activated by enteropeptidase, and the 
increase in its activity was only 13% in EBC in experiment 
3. These results suggest that EBC preserves the activation 
processes of trypsin and chymotrypsin, including the activ-
ity of enteropeptidase, in extracts of pyloric caeca. Extracts 
of pyloric caeca are expected to contain large amounts of 
several proteases, but EBC seems to preserve the activities 
of trypsin, chymotrypsin, aminopeptidase, and enteropepti-
dase by preventing their degradation by coexisting proteases.

The activation of trypsin and chymotrypsin occurred 
during the 24 h after homogenization in experiment 3; the 
temperature was set at optimum for the growth of yellow-
tail, 25 °C (Harada 1965). Thus, it appears that trypsin and 
chymotrypsin require more than several hours for activa-
tion from their respective precursors after their secretion 
from the pancreatic tissue into the intestines of fish. To date, 
the time required for activation after secretion has not been 
estimated for trypsin or chymotrypsin in fish. Although all 
the experiments in this study were performed in vitro, the 
estimates reported here are the first for fish. The period of 
time between conversion from precursors to the secretion  
of proteases from the pancreas is one of the most important 
factors determining the speed of digestion; EBC appears to 
be an effective reagent for the estimation of this period for 
trypsin and chymotrypsin.

In addition, EBC was effective for the extraction of the 
digestive proteases of yellowtail larvae in experiment 4. The 
activities of chymotrypsin and aminopeptidase extracted in 
EBC were significantly higher than those observed with 
150 mM NaCl, suggesting preservation and an increase in 
the activities of the proteases by EBC in the whole-body 
extracts, as well as in protease extracts of pyloric caeca of 
adult yellowtail. There has recently been a drastic improve-
ment in equipment used for fluorescent assays. The equip-
ment used in this experiment enabled the measurement of 
protease activity in 10 μl of an extract obtained from 200 μl 
of homogenate of a single yellowtail larva at 7 days post-
hatching. Ten microliters of an extract was sufficient for the 
measurement of trypsin, chymotrypsin, and aminopeptidase 
activities. EBC is an important reagent for the quantification 
of multiple protease activities using a number of fluorogenic 
substrates for a single fish larva extract. Genes of several 
types of trypsin and chymotrypsin are expressed in both lar-
val and adult yellowtail (Yasuike et al. 2018). For example, 
at least two types of trypsin are expressed in the pyloric 
caeca of yellowtail, and their affinities for a fluorogenic sub-
strate differ (data not shown). Multiple measurements of the 

catalytic activity of enzymes following dilution were carried 
out for the characterization and determination of ontogenic 
changes of digestive enzyme activities of yellowtail larvae 
in the present study.

This study showed that solutions containing a protein-
free blocker were more effective for the quantification of 
the catalytic activity of protease in extracts  of fish tissue at 
high dilutions than those containing protein-based blockers 
and those without blockers at all. In particular, digestive 
proteases in samples diluted with EBC showed good linear-
ity, higher activity, and high activation after homogeniza-
tion of the tissues of adult fish and larvae. Collectively, our 
findings indicate that, among the blockers compared in this 
study, EBC is the most appropriate as a diluting agent for 
digestive protease extracts. In conclusion, the application of 
EBC is considered to be of value for the preservation, and 
activation from precursors, of digestive enzymes measured 
by microquantification.
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